Introduction {#section1-1559325820913786}
============

Myocardial ischemia (MI) is a pathological condition that does not support the normal functioning of the heart.^[@bibr1-1559325820913786]^ It refers to a decrease in blood perfusion of the heart, a condition that results in a decrease in oxygen supply to the heart and abnormal myocardial energy metabolism.^[@bibr2-1559325820913786]^ According to the previous literature, MI is the major cause of mortality and morbidity in heart diseases.^[@bibr3-1559325820913786]^ What's more, emerging evidence indicated that angina, coronary artery disease, myocardial infarction, and ischemic cardiomyopathy are all associated with MI.^[@bibr4-1559325820913786][@bibr5-1559325820913786]-[@bibr6-1559325820913786]^ Therefore, we should take efforts to improve the treatments for MI.

Long noncoding RNAs (lncRNAs) are considered as transcripts which are composed by longer than 200 nucleotides, and proteins are unable to be encoded by them.^[@bibr7-1559325820913786]^ Long intervening/intergenic noncoding RNAs (lincRNAs), belonging to lncRNAs, are classified into coding genes that would not intersect with protein.^[@bibr8-1559325820913786]^ Large efforts have been put into exploring the function of lincRNAs in human heart failures, and great progress has been achieved. For example, lncRNA nuclear enriched abundant transcript 1 (NEAT1) can protect cardiomyocytes from apoptosis via targeting miR-520a through modulating apoptosis-related proteins expression levels.^[@bibr9-1559325820913786]^ Gong et al indicated that MALAT1 upregulation exerted critical role in promoting cardiomyocytes apoptosis by sponging miR-144.^[@bibr10-1559325820913786]^ Reduction in NEAT1 can protect against ischemia--reperfusion (I/R) injury by inhibiting the troponin levels and cardiocytes apoptosis through regulating mitogen-activated protein kinase signaling pathway.^[@bibr11-1559325820913786]^ Additionally, previous literatures have assessed functions of lincRNAs in cardiomyocytes and found that lincRNAs participate in cardiac autophagy and myocardial infarction by repressing specific microRNAs (miRNAs).^[@bibr12-1559325820913786],[@bibr13-1559325820913786]^ Herein, we conducted this study to detect the influence of LINC01614 on MI and its specific mechanism.

These findings demonstrated that LINC01614 was increased in patients with first acute myocardial infarction (FAMI), while miR-138-5p was decreased in patients with unstable angina pectoris (UA). LINC01614 knockdown significantly promoted cell proliferation and impaired apoptotic activity after H/R treatment. Then the correction between LINC01614 and miR-138-5p was confirmed using dual-luciferase reporter assay. Moreover, highly regulated miR-138-5p potentiated the inhibitory effect of si-LINC01614 on myocardial injury induced by H/R treatment. These findings advance our knowledge of LINC01614's effects and further development of therapeutic therapy for cardiovascular diseases.

Materials and Methods {#section2-1559325820913786}
=====================

Cell Culture and Construction of Model {#section3-1559325820913786}
--------------------------------------

H9c2 cells were obtained from the Basic Medical Cell Center of the Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences (Beijing, China). Dulbecco's modified Eagle's medium with 10% fetal bovine serum was used to maintain the activity of H9c2 cardiomyocytes. To construct the myocardial hypoxia/reoxygenation (H/R) model in vitro, cells were incubated in an anoxic incubator at 37°C with 95% N~2~, 5% CO~2~ for 6 hours. Then the condition of incubation was converted into the normal (95% O~2~, 5% CO~2~, 37°C) for 24 hours.

Quantitative Real-Time Polymerase Chain Reaction {#section4-1559325820913786}
------------------------------------------------

After extracted using the TRIzol regent (Invitrogen, Carlsbad, California), total RNA was reversed into complementary DNA by PrimeScript RT Reagent Kit (Takara, Kusatsu, Shiga, Japan), according to the manufacturer's protocol. Subsequently, the products were treated with SYBR Premix Ex Taq II (Takara) on 7900HT real-time polymerase chain reaction (PCR) system for real-time PCR. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was utilized as a control for messenger RNA (mRNA) detection, while U6 was used as a standard for miRNA. All the samples were calculated by the 2^−ΔΔCt^ method, and each specimen was performed three times. Primers were designed by GenePharma (Shanghai, China) and present as follows: LINC01614: F: 5′-CAACCAAGAGCGAAGCCAAG -3′, R: 5′-CGCCCCAAAACAACTGAGTC-3′; miR-138-5p: F: 5′- GCTGGTGTTGTGAATCAG-3′, R: 5′-GAACATGTCTGCGTATCTC-3; U6: F: 5′-AGTAAGCCCTTGCTGTCAGTG-3′, R: 5′-CCTGGGTCTGATAATGCTGGG-3′; GAPDH: F: 5′-GTCTCCTCTGACTTCAACAGCG-3, R: 5′-ACCACCCTGTTGCTGTAGCCAA-3′

Cell Transfection {#section5-1559325820913786}
-----------------

The small interfering RNAs (siRNAs) were synthesized by GenePharma including si-con, si-LINC01614\#1, si-LINC01614\#2, and miR-138-5p mimic. The sequences of siRNAs are as follows: si-con: 5′-CTAGAGTCTTCTTGAGATCAA-3′; si-LINC01614\#1: 5′-GGCTGGTTCTGTGATTTATTT-3′; si-LINC01614\#2: 5′-GAGGGTTTCTCCTATTAAATT-3′. On the basis of the instructions, transient transfection was performed using Lipofectamine 3000 (Invitrogen).

Detection of Cell Viability {#section6-1559325820913786}
---------------------------

After transfection, conventionally cultured cells were digested into cell suspension and then 100 µL cell suspension was seeded into 96-well plate at 1000 cells per well. Cultured for 24, 48, and 72 hours, cell proliferation was examined through Cell Counting Kit-8 (CCK-8) assay. Before detection, cells must be incubated for additional 1.5 hours at 37°C with 10 µL CCK-8 regent. The cell viability was measured at 450 nm and drew as a curve.

Detection of Cell Apoptosis {#section7-1559325820913786}
---------------------------

To assess the apoptosis, cells were collected into centrifuge tubes and centrifuged at 1000 rpm for 5 minutes. Next, resuspended cells by 4°C phosphate-buffered saline (PBS) and removed supernatant carefully after centrifugation. Precipitation was made into cell suspension (1-5 × 10^6^/mL) via resuspending by 1× binding buffer. Subsequently, the mixture of 100 µL cell suspension and 5 µL Annexin V/fluorescein isothiocyanate was cultured in the dark condition at room temperature for 5 minutes. Finally, 400 µL PBS and 10 µL propidium iodide (PI) were provided to stain cells. The results were analyzed utilizing FlowJo software.

Western Blotting Assay {#section8-1559325820913786}
----------------------

Total protein was isolated from harvested cells using RIPA buffer which contained protease inhibitor. The concentration of protein was determined by bicinchoninic acid (BCA) method. In order to confirm the expression of protein, total protein was then added with 5× sodium dodecyl sulfate (SDS) loading buffer and boiled for 5 minutes at 95°C; 20 µg protein was subjected to SDS polyacrylamide gel electrophoresis at 110 V for 1 hour and next transformed to polyvinylidene difluoride (PVDF) membrane for 1 hour. Ultimately, the PVDF membranes were blocked with 5% non-fat milk and probed with following primary antibodies (1:3000; Abcam, Cambridge, Massachusetts) at 4°C overnight: Bcl2, Bax, cleaved caspase 3, and GAPDH. After washing by tris-buffered saline tween-20 (TBST) in triplicates for 5 minutes, PVDF membranes were incubated with secondary antibodies (1:5,000; Abcam) for 1 hour at room temperature. The proteins were detected using enhanced chemiluminescence (ECL) reagent and the gray value was scanned by QUANTITY ONE software.

Dual-Luciferase Reporter Assay {#section9-1559325820913786}
------------------------------

Bioinformatics prediction tools miRDB (<http://mirdb.org/>) and LncBase Predicted determined that miR-138-5p may be a putative target of LINC01614. LINC01614-3′-UTR wild type (WT) and LINC01614-3′-UTR mutant (Mut) were subsequently cloned into pmiR-RB-REPORT dual-luciferase reporter vector (Promega, Madison, Wisconsin). Then cells were cotransfected with miR-138-5p mimic or miR-138-5p mimic negative control and LINC01614-WT or LINC01614-Mut. After 48-hour transfection, proteins were extracted and Dual-Luciferase Reporter Assay Kit was supplied to examine the relative luciferase activities.

Statistics Analysis {#section10-1559325820913786}
-------------------

Data were expressed as mean ± standard deviation, and all experiments were implemented in triplicate at least. Results were analyzed using SPSS 22.0 (SPSS Inc, Chicago, Illinois, USA) and GraphPad Prism 5.0 statistical analysis software. Comparison between 2 groups was performed through Student *t* test, meanwhile comparison among diverse groups were stated using 1-way analysis of variance with Dunnett post hoc test. In all assays, a value of *P* \< .05 was considered as statistical significance.

Results {#section11-1559325820913786}
=======

LINC01614 expression was increased, while miR-138-5p expression was decreased in heart failures. To assess the expression levels of LINC01614 and miR-138-5p, we collected clinical sample data from GEO databases. Based on the total of 17 patients with FAMI and 4 normal controls, we found that LINC01614 was highly expressed in FAMI compared with the normal controls ([Figure 1A](#fig1-1559325820913786){ref-type="fig"}, *P* = .0114). Then miR-138-5p, the target of LINC01614, was proposed using the lncRNA target gene prediction website (miRDB, LncBase Predicted). In [Figure 1B](#fig1-1559325820913786){ref-type="fig"}, the lower expression of miR-138-5p was determined in specimens of patients with UA (n = 6) when compared to normal controls (n = 7; *P* = .0012). All data suggested that LINC01614/miR-138-5p axis might be associated with heart failures.

![LINC01614 was increased, while miR-138-5p was decreased in heart failures. A, The expression level of LINC01614 in 17 patients with first acute myocardial infarction (FAMI) and 4 normal controls, *P* = .0114. B, The expression level of miR-138-5p in 6 unstable angina pectoris (UA) patients and 7 normal controls, *P* = .0012.](10.1177_1559325820913786-fig1){#fig1-1559325820913786}

LINC01614 was highly regulated in H9c2 cells exposed to H/R stimulation, and downregulated LINC01614 attenuated myocardial injury caused by H/R treatment. After H/R-stimulated myocardial injury model establishment, quantitative reverse transcription polymerase chain reaction (qRT-PCR) was performed to measure the mRNA expression level of LINC01614 in the sham group and H/R group. The result showed that LINC01614 was highly expressed in the H/R group compared with the Sham group ([Figure 2A](#fig2-1559325820913786){ref-type="fig"}; *P* \< .01). To further detect the effect of LINC01614, siRNA technique was conducted to knockdown the expression of LINC01614. As seen in [Figure 2B](#fig2-1559325820913786){ref-type="fig"}, LINC01614 expression was successfully decreased by treating with si-LINC01614\#1 and si-LINC01614\#2 and the si-con was considered as a standard control (*P* \< .01). Due to the higher silence efficiency in the si-LINC01614\#2 group, we selected the si-LINC01614\#2 for the subsequent experiments. The CCK-8 assay was conducted to evaluate the si-LINC01614 influence on cell proliferation. Cell viability of H9c2 cells with H/R treatment was significantly inhibited compared with the sham group. However, downregulation of LINC01614 partially reversed the cell viability relative to the H/R group ([Figure 2C](#fig2-1559325820913786){ref-type="fig"}, *P* \< .01). Collectively, these observations illustrated that knockdown of LINC01614 was associated with cell viability in H9c2 cells treated by H/R.

![LINC01614 was highly regulated in H9c2 cells exposed to hypoxia/reoxygenation (H/R) stimulation and downregulated LINC01614 attenuated myocardial injury caused by H/R treatment. A, LINC01614 expression level was determined by quantitative reverse transcription polymerase chain reaction in sham and H/R groups, \*\**P* \< .01 versus sham group. B, The detection of silence efficiency of LINC01614, \*\**P* \< .01 versus si-con group. C, A Cell Counting Kit-8 was used to examine the H9c2 cell viability, \*\**P* \< .01 versus sham group, ^\#\#^ *P* \< .01 versus the H/R + si-con group.](10.1177_1559325820913786-fig2){#fig2-1559325820913786}

Reduction of LINC01614 Inhibited H9c2 Cell Apoptosis Stimulated by H/R {#section12-1559325820913786}
----------------------------------------------------------------------

To elucidate whether LINC01614 affects the apoptosis of H9c2 cells suspected with H/R, flow cytometry analysis was performed. The H/R treatment promoted cell apoptosis compared with the sham group, while this promoting effect was partially impaired after the si-LINC01614 transfection ([Figure 3A and B](#fig3-1559325820913786){ref-type="fig"}; *P* \< .01). Then Western blot was conducted to examine the relative protein expression levels of apoptosis-related proteins Bcl-2, Bax, and cleaved caspase 3. By contrast to the sham group, the expression of antiapoptotic protein Bcl-2 was obviously suppressed in the H/R group, but pro-apoptotic proteins Bax and cleaved caspase 3 were significantly increased ([Figure 3C and D](#fig3-1559325820913786){ref-type="fig"}, *P* \< .01). More interestingly, LINC01614 suppression significantly elevated the Bcl-2 expression that was attenuated by H/R treatment. Furthermore, reduction in LINC01614 markedly inhibited the expression levels of Bax and cleaved caspase 3 that were promoted by H/R ([Figure 3C and D](#fig3-1559325820913786){ref-type="fig"}, *P* \< .01). Thus, our results indicated that knockdown of LINC01614 could inhibit H9c2 cell apoptosis.

![Reduction of LINC01614 inhibited H9c2 cell apoptosis stimulated by hypoxia/reoxygenation (H/R). A, Flow cytometry analysis was performed to detect cell apoptosis. B, Quantification of the relative apoptosis rate, \*\**P* \< .01 versus sham group, ^\#\#^ *P* \< .01 versus the H/R + si-con group. C, Expression levels of apoptosis-related proteins after knockdown LINC01614 and quantified in (D), \*\**P* \< .01 versus sham group, ^\#\#^ *P* \< .01 versus the H/R + si-con group.](10.1177_1559325820913786-fig3){#fig3-1559325820913786}

MiR-138-5p Was Directly Targeted by LINC01614 {#section13-1559325820913786}
---------------------------------------------

A large of literatures manifested that overexpression of LncRNA could reverse the regulation of miRNAs in diverse diseases. Hence, we took measures to probe whether LINC01614 sequence is complementary to miR-138-5p. The analysis confirmed that LINC01614 enabled to identify and bind to miR-138-5p ([Figure 4A](#fig4-1559325820913786){ref-type="fig"}). Luciferase reporter assay was conducted to validate whether miR-138-5p is indeed targeted by LINC01614. The findings indicated that miR-138-5p mimic significantly decreased the luciferase activity of LINC01614-WT, while there is no obvious difference in LINC01614-Mut ([Figure 4B](#fig4-1559325820913786){ref-type="fig"}; *P* \< .01). Besides, we also detected the regulatory role of LINC01614 in miR-138-5p expression. The relative miR-138-5p expression level in H9c2 cells treated with H/R was significantly decreased, whereas downregulation of LINC01614 upregulated the miR-138-5p expression after H/R treatment ([Figure 4C](#fig4-1559325820913786){ref-type="fig"}, *P* \< .01). Therefore, these data demonstrated that miR-138-5p was a target of LINC01614.

![MiR-138-5p was directly targeted by LINC01614. A, Predicted binding site between miR-138-5p and LINC01614. B, Luciferase activity was measured to verify the correlation between miR-138-5p and LINC01614, \*\**P* \< .01 versus miR-138-5p mimic negative control (NC). C, Expression level of miR-138-5p was detected after hypoxia/reoxygenation (H/R) treatment and/or si-LINC01614 transfection, \*\**P* \< .01 versus sham group, ^\#\#^ *P* \< .01 versus the H/R + si-con group.](10.1177_1559325820913786-fig4){#fig4-1559325820913786}

Highly Regulated miR-138-5p Intensified the Biological Influence of Downregulation of LINC01614 in H9c2 Cells {#section14-1559325820913786}
-------------------------------------------------------------------------------------------------------------

In the view of aforementioned results, we studied the sham, H/R + si-con, H/R + si-LINC01614, and H/R + si-LINC01614 + miR-138-5p mimic groups to assess whether miR-138-5p affects the LINC01614 effects on myocardial injury. To validate, the qRT-PCR was firstly conducted to measure the miR-138-5p expression in different groups, and H/R + si-LINC01614 + miR-138-5p mimic group exhibited the highest expression level of miR-138-5p ([Figure 5A](#fig5-1559325820913786){ref-type="fig"}, *P* \< .01). As shown in [Figure 5B](#fig5-1559325820913786){ref-type="fig"}, the elevated cell viability caused by si-LINC01614 after H/R treatment was significantly strengthened by miR-138-5p mimic transfection ([Figure 5B](#fig5-1559325820913786){ref-type="fig"}, *P* \< .01). Besides, results of flow cytometry analysis demonstrated the same tendency because of the upregulated miR-138-5p ([Figure 5C and D](#fig5-1559325820913786){ref-type="fig"}, *P* \< .01). Taken together, these findings emphasized the significance of miR-138-5p for LINC01614-induced myocardial injury.

![Highly regulated miR-138-5p intensified the biological influence of downregulation of LINC01614 in H9c2 cells. A, Expression level of miR-138-5p after the addition of miR-138-5p mimics, \*\**P* \< .01 versus sham group, ^\#\#^ *P* \< .01 versus the hypoxia/reoxygenation (H/R) + si-con group, *P* \< .01 versus H/R + si-LINC01614. B, Cell viability was elevated using CCK-8 assay, \*\**P* \< .01 versus sham group, ^\#\#^ *P* \< .01 versus the H/R + si-con group, *P* \< .01 versus H/R + si-LINC01614. C and D, Cell apoptosis rate was determined by flow cytometry, \*\**P* \< .01 versus sham group, ^\#\#^ *P* \< .01 versus the H/R + si-con group, *P* \< .01 versus H/R + si-LINC01614.](10.1177_1559325820913786-fig5){#fig5-1559325820913786}

Discussion {#section15-1559325820913786}
==========

Myocardial ischemia is well known as a severe cardiovascular disease, which is a significant threat to the health of people among the world. Up to now, the main and effective treatments are thrombolytic therapy and percutaneous coronary intervention.^[@bibr14-1559325820913786]^ However, these therapies often result in severe myocardial damage. Thus, how to relieve I/R-induced myocardial injury has emerged as a hot research field.

Extensive evidence has revealed that a class of lncRNAs are involved in the development of cardiovascular diseases. For instance, Zhang et al proposed a novel prohypertrophic signaling pathway, the lncRNA-CHAR/miR-20b/PTEN/AKT axis, in the heart and identified the crucial effect of lncRNA-CHAR.^[@bibr15-1559325820913786]^ Previous study showed that lncRNA GAS5 can facilitate the progression of myocardial infarction by modulating the miR-525-5p/CALM2 pair, which has potential to assist to the improvement of MI treatment.^[@bibr16-1559325820913786]^ LncRNA AK139128 has reported to promote cardiomyocyte autophagy and apoptosis in myocardial H/R injury.^[@bibr17-1559325820913786]^ In addition, the mechanism of LINC-PINT in acute myocardial infarction has been completely illustrated by Zhu et al.^[@bibr18-1559325820913786]^ However, the effects of LINC01614 in myocardial H/R damage and its underlying mechanism have not been determined. Prior publication indicated that LINC01614 might act as a cancer-promoting factor in lung adenocarcinoma via upregulating miR-217.^[@bibr19-1559325820913786]^ Dong et al revealed that LINC01614 contributed to the occurrence and development of gastric cancer through activating epithelial--mesenchymal transition pathway.^[@bibr20-1559325820913786]^ These investigations prompted us to explore whether LINC01614 affects the myocardial injury induced by H/R treatment. Our data demonstrated that LINC01614 expression was upregulated in H9c2 cells after H/R treatment and si-LINC01614 transfection can attenuate the inhibitory effect of H/R stimulation in cell viability of H9c2. Furthermore, the promoted apoptosis induced by H/R in H9c2 cells was alleviated after LINC01614 knockdown. Consistently, the apoptosis-related protein expression levels also exhibited the same trends as the apoptosis rate. These observations hinted that LINC01614 may be associated with H/R-induced injury in H9c2 cells.

In recent years, lncRNAs have been reported to participate in various diseases via regulating multiple molecules, such as miRNAs modulation, genomic imprinting, and epigenetic regulation.^[@bibr21-1559325820913786][@bibr22-1559325820913786]-[@bibr23-1559325820913786]^ Numerous studies have determined the important role of miRNAs in the development of heart failures including H/R-induced myocardial damage. Therefore, to detect the underlying mechanism of LINC01614 in myocardial injury, we used the bioinformatics analysis to predict the putative target of LINC01614 and found that miR-138-5p was a target of LINC01614. According to the previous evidence, we realized that miR-138-5p can regulate H/R-induced heart injury via inactivating SIRT1-PGC-1α.^[@bibr24-1559325820913786]^ Besides, miR-138-5p was decreased in patients with atrial fibrillation and hindered the remodeling of cardiac fibrotic,^[@bibr25-1559325820913786]^ which was consistent with our data. Moreover, dual-luciferase reporter assay verified that miR-138-5p was a downstream target of LINC01614. The qRT-PCR analysis revealed that miR-138-5p expression was negatively regulated by LINC01614. Through in vitro functional experiments, overexpression of miR-138-5p further intensified the effects of LINC01614 in cell viability and apoptosis under H/R condition. Taken together, these findings showed that LINC01614 modulated cell viability and apoptosis caused by H/R treatment through mediating miR-138-5p.

Conclusion {#section16-1559325820913786}
==========

In general, this present study determined the role of LINC01614 and miR-138-5p in H9c2 cells under H/R treatment. Downregulation of LINC01614 can protect H9c2 cells from H/R-induced injury by directly sponging miR-138-5p. Moreover, miR-138-5p was considered as a putative target of LINC01614. These observations enriched our understanding of how LINC01614 attenuates myocardial injury by sponging miR-138-5p. We believe that LINC01614 would become a fresh biomarker for the treatment of MI, which will play a contributory role on the diagnosis of cardiovascular diseases and myocardial injury induced by H/R.
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